Anthropogenic Disturbance Mapping across
Boreal Woodland Caribou (Rangifer tarandus caribou) Ranges in Canada
as interpreted from 2015 Landsat satellite imagery
Background

As part of a project that aimed at providing a scientific assessment of critical habitat for boreal woodland caribou (see Environment Canada 2011), Environment Canada’s Landscape Science and Technology Division was tasked with providing detailed anthropogenic disturbance mapping across known caribou ranges. This data allowed researchers to better understand the attributes that have a known effect on caribou population persistence. The mapping process was established to create a nationally consistent, reliable and repeatable geospatial dataset that followed a common methodology. The methods developed were focused on mapping disturbances at a specific point of time, and were not designed to identify the age of disturbances, which can be of particular interest for disturbances that can be considered non-permanent, for example cutblocks. The type of analyses developed using the resultant datasets have included caribou resource selection functions and habitat modelling. 

Purpose 
These datasets are not intended to be an exhaustive survey of anthropogenic disturbances. They were created to map the visible extent of human disturbances, with a buffer of appropriate size to be applied later to reflect their extended areas of impact upon caribou populations. Therefore linear disturbances lying within a mapped polygonal disturbance do not contribute to the final buffered product, and for efficiency are not mapped.  The 2010 lines and polygons were used as a starting point for the 2015 update: 2010 disturbances were checked against 2015 imagery to determine if the original disturbance had disappeared by 2015 (regeneration), and any new disturbances were added.  If a polygonal disturbance is removed, any visible linear disturbances lying within it were then added.
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	Range ID 
	Range Name 
	Range ID 
	Range Name 
	Range ID 
	Range Name 

	NT1
	Northwest Territories
	AB12 
	Slave Lake 
	ON2 
	Berens 

	BC1
	Maxhamish
	SK1 
	Saskatchewan Boreal Shield 
	ON3 
	Churchill 

	BC2
	Calendar
	SK2 
	Saskatchewan Boreal Plain 
	ON4 
	Brightsand 

	BC3
	Snake-Sahtahneh
	MB1 
	The Bog 
	ON5 
	Nipigon 

	BC4
	Parker
	MB2 
	Kississing 
	ON6 
	Coastal 

	BC5
	Prophet
	MB3 
	Naosap 
	ON7 
	Pagwachuan 

	AB1
	Chinchaga (incl. BC portion) 
	MB4 
	Reed 
	ON8 
	Kesagami 

	AB2
	Bistcho
	MB5 
	North Interlake 
	ON9 
	Far North 

	AB3
	Yates
	MB6 
	William Lake 
	QC1 
	Val d'Or 

	AB4
	Caribou Mountains
	MB7 
	Wabowden 
	QC2 
	Charlevoix 

	AB5
	Little Smoky
	MB8 
	Wapisu 
	QC3 
	Pipmuacan 

	AB6
	Red Earth
	MB9 
	Manitoba North Cons. Unit
	QC4 
	Manouane 

	AB7
	West Side Athabasca River
	MB10 
	Manitoba South Cons. Unit
	QC5 
	Manicouagan 

	AB8
	Richardson
	MB11 
	Manitoba East 
	QC6 
	Quebec 

	AB9
	East Side Athabasca River
	MB12 
	Atikaki-Bernes 
	NL1 
	Lac Joseph 

	AB10
	Cold Lake
	MB13 
	Owl-Flinstone 
	NL2 
	Red Wine Mountain 

	AB11
	Nipisi
	ON1 
	Sydney 
	NL3 
	Mealy Mountain 


Summary of Mapping Process 2015
The first “edition” of the anthropogenic disturbance mapping was based on Landsat-5 imagery captured between 2008 and 2010, with a resolution of 30 metres.

This document provides a summary of the methods used during 2015-2017 for mapping a 5-year update of disturbances.  The mapping process adhered closely to that of the original mapping — detailed methods for that project can be found in Appendix 7.2 of the report Scientific Assessment to Inform the Identification of Critical Habitat for Woodland Caribou (Rangifer tarandus caribou), Boreal Population, in Canada: 2011 Update (Environment Canada 2011). 

The superficial differences in process for the 2015 product were due to updated GIS editing software, the adoption of a multi-user database, and a new GIS editing environment that automated and standardized many of the repetitive tasks involved.  

The one major difference is the addition of an entirely new product.  The 2010 mapping project used Landsat-5 imagery with a resolution of 30 metres.  Five years later, Landsat-5 had been superseded by Landsat-8, which includes a single panchromatic (greyscale) band with higher resolution (15 metres).  After an area had been mapped at 30 metres, it was remapped using the 15-metre imagery. The following description of the process will focus on the 30-metre product, and the 15-metre product will be discussed at the end.

Caribou herd ranges 
The range boundaries (Figure 1) were the same as were used in the 2008-2010 mapping, defined by individual provinces and territories across Canada.
Satellite Imagery and Minimum Mapping Unit

Landsat-8 satellite imagery was selected for this project as the imagery provided enough spatial detail to identify disturbance features and provided full coverage of the areas of interest, usually with multiple dates available for a given year. The spatial resolution of all Landsat imagery used was 30 m x 30 m.  Imagery was sourced from the US Geological Survey (USGS) archived image library.
Within the context of this project, anthropogenic disturbance was defined as any human-caused disturbance to the natural landscape that could be visually identified from Landsat imagery at a viewing scale of 1:50,000. The use of a medium-resolution sensor such as Landsat limited the size of features that could be seen and extracted. As well, the limited spectral information provided by an optical sensor prevented differentiation between different seral stages of forests. Harvesting in some areas was most certainly missed as a result of regeneration and partial cutting, which after a certain time period made cutblocks no longer visible in the imagery. 
A minimum mapping unit (MMU) of 2 ha or approximately 22 contiguous 30-metre Landsat pixels was selected. The only exception to this rule was well sites which were widespread across the western boreal but were smaller than the MMU and therefore represented by a 100 m diameter circle or 0.785 ha, matching the approximate footprint of well sites on the ground. 
No standard minimum separation distance that would identify a disturbance as unique from neighbouring disturbances was established between mapped polygonal features, resulting in some interpreter variability. For linear features, a separation distance of approximately 100 m was typically used.  
Where two linear features converged and became indistinguishable in the imagery (eg: a road and railway meeting and “merging” as a single line for a distance before diverging again) a single line was digitized; the disturbance class was assigned based on a hierarchy of precedence described below. 
Disturbance Features

Each disturbance feature type was represented in the database by a line or polygon depending on their geometric description. Polygonal disturbances included: forestry cutblocks, mines, reservoirs, built-up areas, well sites, agriculture, oil and gas facilities, as well as unknown features. Linear disturbances included (in order of precedence): roads, railways, powerlines, pipelines, seismic exploration lines, dams, and air strips, as well as unknown features. For each anthropogenic feature type, a clear description was established (see Appendix 7.2 in Environment Canada 2011) to maintain consistency in identifying the various disturbances in the imagery by the different interpreters. 

General Disturbance Mapping Process – 2015  (30-metre) 
ArcGIS versions 10.2 and 10.4 were used for all geodatabase creation and data collection. The following general steps were followed for the collection of disturbance features within a local population range:

1. The previous mapping database (2008-2010) consisted of linear and polygonal features, tagged with a disturbance type, the date of imagery used, the interpreter's initials, as well as additional comments.  This database was copied into a multi-user SDE database and used as a starting point.  Several new attribute fields were added to keep separate the 30- and 15-meter mapping processes and (with a grid of 17,500 work cells) to monitor progress.  
2. The disturbance features from 2010 were checked against 2015 imagery, and tagged as either “still visible” or “no longer visible”.  Any new disturbances were digitized and tagged as “new”.  Other attributes, similar to those in the previous database (interpreter, image name, date, etc) were recorded. 
3. Landsat imagery from May to September 2015 was used. A standard viewing scale of 1:50,000 was used.
4. A quality assurance (QA) process was carried out, involving a second independent interpreter who examined the work and added missing disturbances as well as ensuring completeness and accuracy of attribute table information.

Post-production QC

Prior to publication, a number of global checks were performed:
1. Verification of consistency of disturbance types (eg: a short, isolated length of railway within a field of seismic lines is probably an error).

2. Self-consistency of tagging attributes.

3. Resolution of overlapping polygonal disturbances.
4. Removal of redundant linear features falling within polygonal disturbances.

Creating Disturbance Footprint

Following a detailed sensitivity analysis of the disturbance data and its linkages with boreal caribou herd demographics, along with a literature review, a buffer of 500m radius was established as the most suitable size buffer representing the zone of influence or disturbance footprint related to caribou survival. All linear and polygonal data was buffered by 500m and the resultant polygons dissolved (merged) to create an anthropogenic disturbance footprint for each caribou range.

Forest fire polygon data (1975-2015) was merged into the anthropogenic disturbance footprint for each caribou range in order to create the overall total disturbance footprint, which was used to assess disturbance conditions within the ranges within the scientific assessment (Environment Canada 2011).

Mapping Process for the 15-metre product

Because the 15-metre imagery was more detailed than the 30-metre, there was the potential for bias in interpreting the 30-metre imagery for low-confidence features: seeing a disturbance at the higher resolution could persuade an interpreter to map it at 30 metres, when he would have otherwise ignored it.  In order to ensure the updated 30-metre product was comparable with the previous version, the mapping process ensured that, for any given area, the 30-metre mapping was completed before the 15-metre mapping was started.  
The basic process for 15-metre mapping was almost identical to the 30-metre process.  It used the same database, but features were tagged using a separate set of attribute fields.  So each feature had separate attribute fields for 30-metre and 15-metre mapping.

To take advantage of the higher resolution imagery, the view scale was set to 1:25,000.  
1. Features that had been tagged as visible (or newly added) at 30 meters were assumed to be visible at 15 meters, and were not checked.  
2. The 30-metre tags “new”, still visible”, etc, were never changed during 15-metre tagging.   

3. Features that were tagged as “no longer visible” at 30 metres were rechecked at 15 metres — some were visible at 15 metres, and were tagged as “visible” in the 15-metre field only.  

4. Any new features were digitized and tagged as “new”.
5. As with the 30-metre mapping, a second interpreter performed QA on each completed workcell. 
6. Pre-release QC was performed on the 30- and 15-meter products simultaneously.

7. The 500m buffer radius was chosen as the best buffer width to correlate caribou herd demographics with the disturbances mapped at 30 meters, and is therefore scale-dependent . Since the 15-metre mapping captures a larger proportion of the total real-world disturbance, it would not be appropriate to apply the same buffer to the 15-meter disturbances.   Therefore no buffered 15-meter product is being released.
30m vs 15m products  
Users should be aware of the differences between the 15- and 30-metre products.  With 30-metre multispectral imagery, use of multiple combinations of bands 2 to 7 can reveal different disturbance types as colour (hue) differences, especially useful for discriminating polygonal disturbances types such as forestry cuts versus agriculture.    In contrast, the single greyscale 15-metre band offers no information from colour, and often polygons that were mapped at 30 metres cannot be detected at 15 metres.  While 15-metre imagery does reveal a few more small high-contrast polygons (eg: well sites), most polygons visible at 15 metres are already visible at 30 metres.   But the 15-metre imagery reveals many additional narrow linear features that were missed at 30 metres.  Generally this means minor access roads and especially newer seismic lines which, due to changes in industry practice, are narrower than older lines.   
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Links to 2010 data

The 2008-2010 disturbance lines and polygons can be downloaded here:

 https://open.canada.ca/data/en/dataset/afd0ce47-17c3-445c-b823-2f86409da2e0
The 2008-2010 buffered disturbances, and buffered disturbances plus forest fire polygons:

https://open.canada.ca/data/en/dataset/890a5d8d-3dbb-4608-b6ce-3b6d4c3b7dce
